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DESCRIPTION 
Field of the Invention 



ox i d e semiconductor field effect transistor (MOSFET, struck andamethodof 
fabricating such a structure. 

Background of the Invention 

100021 Inthesennconductor industry, it is ^tofonnnFETs^pFETs on 
Ildneto.snostratesd.teon^nv^ousE^. SucfitecMolosyis 

r^nlementaryMetal-Oxide-SemicondnetorTram.stors-.EleetronDev.ces.lbE 
Complementary wieu. snecifically, an opnmized 

Transactions, Vol. 43, Issue 8, August 1996, PP- 1224-1232. **** * 
Si/SiGe heterostructure for CMOS transistor operation is provided in the A. 
SLmcEhasap^deai.n.davoidsinversionofmeSi.ayeratmeoiade 

interface. 

XorpFETs. Thisis usually achievedinmepriorartEyeithcretcmng away 
^ssLy.ayersinselectiveareas.orEygrowinglayersinselecdve areas. 
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Lie— ductorlayersandinsulato r laye, such as sendcondu 
insulator 2/ semiconductor 1/ insulator 1/ substrate. Some devices, *** 
ora co m bina,ion*ereof,canbefab^ 

on an insulator, the devices formed thereon will be SOI FETs. 

Zlingofthe various sendconduc^r layers) between me different W es of devrcc 
ZI ^sisespecian^alent^ 

s^cmrewhereitisprefen-edmatmeinsmatorlaycrsbeatleastscveralhnnmed 
Angstroms thick. 

^eslpbeightbetweendifferenttypesof semiconductor devices — J' 
Lcturethatconsists of semiconductor, insulator 2, semiconductor!, and msmatorl 
Wrssttckedinorder.thejunctioncapacitanceoftheFETsfabncatedonfte 

I£J*.^*^<*«^^ ,— a,,, ■ ,, 

needs to be as small as possible. 

capacitance of the device fabricated on the upper semiconductor layer. 
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Summary of the Invention 



,00081 Thepresentinventionprovidesastruc^andmeAodthataohievesSOI 
MOSFETsfo n »e d onap to aI i «yofse m ieonductorlayers( W i fl >indepe I1 dentl y selected 

serial and thickness) all intend in a single substrate. The structure of the present 
inventionalsoallowsforatoinsulatorCthus^ucrfstephei^betweente 
semiconductor layers without penalizing the junction capacitance of the devtce to be 
fabricated on the upper semiconductor layer. 

[0009] In broad terms, the structure of the present invention comprises: 

,00101 anelcvateddeviceregionhavingatleastonesemiconductordevicelocated 

on a second semiconductor layer, wherein said elevated device region tamer compnses 

asource/drain junction which extends from me second semiconductor layer downtoa 

firstburiedinsulatorlayermatislocatedonanuppersurfaceofasemiconductor 

substrate, said firs, buried insulator is separated from the second semiconductor layer by 
a first semiconductor layer and a second buried insulator layer; 

,001!! arecesseddeviceregionhavingatleastonesemiconductordevicelocated 
atopafirst semiconductor layer which is located on an upper surfaceofme first buned 

insulator; and 



[0012] 

device region. 



isolation region separating said elevated device region from said 



,00131 in one embodiment of the present invention, the elevated device regton 
region and a spacer of the device located in the elevated device regmn. 
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invention comprises the steps of. 
said first semiconductor layer; 

[00171 «-^^--r:ri^ 

is formed on the second semiconductor layer and the decern* 
region is formed on the first semiconductor layer; 

on the first semiconductor layer; and 
layer down to the first huried insulator layer. 
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Brief Description of the Drawings 



,00201 FIG. 1 isapictorialrepresentationttooughaerosssectionalview) 
UtotratingadoubieSOIMOSFETstructureofAe present invenoon. 

,00211 FIG. 2 is a pietorial representation (through a oross sectional view) 
illustrating another double SOI MOSFET structure of the present invention. 

,0022, FIGS. 3 A-3E are pictorial representations (through cross sectional views) 
the structure shown in FIG. 1 . 

[00231 FIGS. 4A-4D arepictorial representations (throngh cross sectional views) 
illustrating an alternative embodiment of the present invention. 

Detailed Description of the Invention 
,0024, Thepresentinventio,wmchprovidesadonb,eSOI M OSF E Tsti.cmre 

upper semiconductor layer, will nowbe described in greater detaribyrefemngto 
drawings that accompany the present application. 

,00251 FIGS.land2showcrosssectionalviewsofthedoubleSOIMOSFET 
semiconductor layer 14 located on an upper surface of a portion of me first buned 
YOR920030156US1 5 



FET (n- or p-type) 20 which comprises junction regions 22 located in the first 

, «i™,M a R ate dielectric 24 located on a surface porhon of the first 

28 mat arelocated on atleast the sidewalls of the gate conductor 26. 

,0026, TheelevateddeviceregioniS.whichisseparatedfromflterecess^device 

0 Itl 1 onthLecondbu^edinsulatorla y er32, j unctions351ocatcdinthesecond 
I onduc.rl.era^esecondhuned — ^ 32 ^ the first s—. 
laV er 14 and merged S/D regions 36 mat are self-aligned to the spacers 42 of the FET 2, 
;rlrioninwmchmemergedS/ D regions36,en„tse,f-a,i g nedtothespacers42of 
to FET 21 located in the elevated device region 16. 

,0027, Theelevateddeviceregionl6ineludesFET( d mern-orp-type)21*a, 

,ayer34, g ate conductor 40 ,oca,ed on the gate dielechic 38, and spacers 42 that are 
l0 cated on at least the sidewalls of the gate conductor 40. 

,0028, Byutilizingalayertransfertech^que.tohedescribedingreaterdetailbe.ow, 

.^seconds— ^"^"^^J^EL 
insulator layer 12 and the second buried insulator layer 32. 

,0029, InmestructuresshowninFIGS. 1 and 2, the firs, semiconductor layer 14 is 
'„ electrical contact with the second semiconductor layer 34. This means that the 
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■ i tor1 a verl2 not the second buried insulator layer 32. This decouples tnej 

Leen the elevated device «he recessed device can be sub—yreduc^ ^ 
Z in whichadevice is fabricated upon. In the drawings, the stepheightH. the 

surface of the first semiconductor layer 14. 

i a in th P nresent invention for fabricating the double SOI 
100301 The process employed in the present invenu 

MOSFET structares shown in FIGS. 1 and 2 will now be described ^ 
Cyedintiepresentinvention. The initial structure 102 includes senu— 

insulator layer 32 and second semiconductor layer 34. 

, 00311 Tbeinitialstrucb J rel02showninFIG.3Ac a nbefabricate< i usin g 

p.oces.nvoserniconductorwafersarebondedtogeto.Thebvowafersused, 
fabricating the initial structure 102 may include two SOI wafers, wherein one of the 

layer 34; an SOI wafer and a bulk semiconductor wafer; two bulk semiconductor wafers, 
olsoiwaferandabulk wafer which includes an ion implant region such as a H, 
taplantregionwMchcanbeusedtosphtaporrionofatleastoneofmewafersdnring 

bonding. 
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■0032] Bcndingisachievedbyfirstbringingthetwowafersintointoate^.act 
with other; option^ applying an externa! force to *e contaaed wafers; a^d to 

wafers togetirer. The heating step maybe performed in the presence or absenceof an 
extemaiforcc.Theheadngs.episWicaiiyperformeninaninertambientata 

horns. More preferably, the bonding is performed a, a temperature from about 200 to 
about 400°C for a time period from about 2 to about 20 hour, The term "mert ambrent 
is used in tire present invention to denote an atmosphere in which an inert gas, such as 
He, Ar, N 2 , Xe, Kr or a mixture thereof, is employed. One preferred ambient used 
during the bonding process is N 2 . 

,00331 In the embodiment where two SOI wafers are employed, some material 

iayersofatleastoneoftheSOIwafersmayberemovedafterbondingutilizinga 

pl anari Z ationprocesssuchaschermcalmechamcalpolishing(CMP)orgri„dingand 



etching. 



,0034] ir.theembodimentinwmchoneofrhewafmincludesanionimplan.reg.on, 
theionimplantregionfonnsapomusregionduringbondmgwmchcansesaportionof 
the wafer above the ion imp.a,. region to break off leaving a bonded wafer. Thermp.ant 

wafer utilizing ion implantation conditions that are wel. known to those stalled >n the art. 

,00351 The semiconductor substrate 10 of the initial structure 102 comprises any 
semiconductor material known to those skilled in the art. Illustrative examples of 
semiconductor materials mat can be employed as tire substrate 1 0 include, but are no. 
limited to: Si, SiC, SiGe, SiGeC, Ge alloys, GaAs, InAs, InP as well as outer I1I/V or 
II/VI compound semiconductors. The thickness of the substrate 10 is inconsequentral to 
the present invention. 
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,0036] Thefirstburiedimu.atorlayer.aisanoxide.nitride.oxynittideorofter 

vary dependingon the originof the Uyer. Typically, however, *e first buned — 
iayer 12 has a thickness from about 5 to about 500 nm, with a thickness ftom about 50 to 
about 200 nm being more highly preferred. 

,0037] The first semiconductor layer 14 is comprised of any semiconducting 

, c: «:r <Mrv SiGeC Ge alloys, GaAs, InAs, InP as 
material including, for example, S., SiC, SrGe, SiGeU ue au y 

well as other II1/V or 11/VI compound semiconductors. Firs, semiconductor layer 4 

m aycompriseahomogen„us material including oneofthe same elements mentioned 

above, or ,ayer 14 maybe a heterogeneous structure in which at least two different 

la yer 14 canhave any known crystal orientation including, for example, (100), (110), 
(UDandthelike. The first semiconductor layer 14 may be unstrained, stramed or a 
combination of strained and unstrained. 

10 038] The thickness of the first semiconductor layer 14 may vary depending on the 
initial starting wafers used to form the structure 1 02. Typically, however, the first 
semiconductor layer 1 4 has a thickness ftom about 2 to about 300 nm, with a thickness 
ftom about 5 to about 1 50 run being more highly preferred. 

,00391 The second buried insulator layer 32, which is located between the first 
semiconductor layer 14 and the second semiconductor layer 34 has a variable thickness 
dependingupon tire initial wafers used to aeate the structure 102. Typically, however, 
fll esecondburiedir,ulator32hasa«mcknessftomabout2.oabout500nm,wima 

thickness ftom about 5 to about 50 nm being more highly preferred. The second buned 
msulator layer 32 may be composed of one of the dielectrics mentioned above. The 
secondburiedinsulatorlayer32canbecomprisedof«hesamedielecfticas*efirs« 

buried insulator layer 12, or it may be comprised of a dielectric that is different ftom the 
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firstburi edmsu.ator layer 12. Inapreferred pediment, me second buried insulator 
layer 32 is an oxide. 

,0040] msecondsemiconduotortayerSAiscompnsedcfanysemiconducting 

14 Ttas seconds e miconductorlayer34maymctode,forexampb,S 1 ,S.C > S 1 Ge, 

SiGeCGeaHoys.GaAs.InAs.InPasweUasCherllWoriyVIco.npo^d 

s^conduotors.UesecondsemiconduCor.ayer 34 may bested or unseed and 

itm ay beahomogeneous or heterogenous structure. Second semiconductor layer 

may also comprise a combination of strained and unstrained layers. 

,00411 Thesecondsemiconduetorlayer34mayhaveacrys«dlo gra plucorien W ion 

which is the same or different from that of me fim semiconductor layer 14 In one 
preferredembommen,ofme P resentinvenrion,itispreferredmatmesec„nd 

,ayer 14 This embodiment ofthe present invention allows for fabricaung MOSFETs 
such as pFETsandnFETsonacrystalloffaphicorientation that provides opttmal 

performance for each type of device; nFETs have an optimal performance when 
fabricated on a (100) crystallographic surface, while pFETs have an optimal 
performance when fabricated on a (1 10) crystallographic surface. 
,0042, Themicknessoftheseeondsemiconduc.orlayer34mayvarydependingon 

semiconductor layer 34 hasathickness from abou.2nmto about 300 nm,w,tha 
thickness from about 5 to about 150 nm being more highly preferred. 
,00431 AfterprovidingthesmrctureshowninFIG.SA.isolationre^onsSOare 
formed into the initial structure 102 so as to form the structure shown, for example, m 
FIG 3B. Asillust ra teo,theisolationregions30^icullyextendffommeuppersurfaee 
of structure 102 through me second semiconductor layer 34, the second buried insulator 



YOR920030156US1 10 



Leenvariousae^^.MFIO.SB.theiso.ation^aO^ — 
L^a.a.eafo.a^ssedaevice^onmobesubs^fonned^an.ea 

for an elevated device region 16. 
a»d.henfiUmgme,renchopen«a^^^ 

34. The ex.endednubportio.of^iso.a.ionregions 30 .etoedby depose 

dielectric material such as oxide, nitride, oxynitride, etc. 

,0045, Next,andasillus«ratedi„FlG.3C,anetch m askl04isformedatopme 

toetcbedstoppingatopasurfaceoftbe first semiconductor M*. *^ 
.cessmgstepinmedevicearcalS.meetchmask^isremoveafiomthes^ 

selectively removes nitride. 

,0046, MOSFETdevic^suchaspFETsand/ornFETsarcthenformedonme 
Lposed semiconductor layers, i.e., me second semiconductor layer 34 in the Cevatrf 
device regionlb, or the firs, semiconductor layerHin the recessed devrce regroup 
The devices formed in eachofme device regions can be me same or different. The type 
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of device fonned is dependent on the erystaUographio surface orien.at.on of the 
whence sem icondnctor iayer has a (iOO), or a (li i) crystallographtc onentanon, whde 
pFETs are typically formed when the semiconductor has a (1 10), or a (1 1 1) 
crystallographic orientation. 

,0047] Each device includes a gate dielecuic 24, 38, a gate conductor 26, 40, and 
spaced 42. -The devices are fabricated using conventional complementary metal 

TheCMOS processing ste^s include deposition or mermal gmwmg of a gate drelectirc 
24 38, deposition of a gate conductor 26, 40 and patterning the gate conductor. FIG. 
shows the resultant structure including devices 20,21 formed ineachofthedev.ee 
regions. 

,0048] 1 nthedrawings,boththega,econductor26,40andmegatedielec tt ic24,38 
.eshowntobepademed.Thepatten.mgisaehievedbylimographyandetchmg. 
Following me patterning step, spaces 28, 42 are formed on at least me exposed 
sidewallsofthc gate oonduetor 26, 40 by deposition and etching. Prior to spacer 
forma,ion,ex,e»sionandop,ionallyhaloregionsmaybeformedintomeexposed 
semiconductor layers 14, 34 by imp— and annealing. The extension and optional 
halo regions are not shown in the drawings of the present invenuon. 

,0049] Each of the devices 20, 21 may be composed of the same or different 
material. For example, gate dielectric 24, 38 may be comprised of an oxide, mtnde, 
oxynibideoranycombinationmereof. The gate conductor 26, 40 comprises a 

nitride, polysilicon or any combination thereof. The spacers 28, 42 may be compnsed of 
an oxide, nitride, oxynitride or any combination thereof. 
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,0050] Thedevices20,21 in the elevated device region 16 and the recessed dev.ce 

It should be noted fta.it is possible «o form a structure having a plurality of e.evated 
device regions and recessed device regions utilizing the method described herem. Also, 
each device region may include a plurality of devices in each of me regions. 

■00511 Afterformin g thedevices20,21 on the elevated device region 16 and the 
recessed deviceregion 18, an epimasklayer is formed atop the entire structure utthztng 
an epitaxial growthprocess. TTte epi mask layer may comprise an oxide, mtnde, 
oxynitride or any combination thereof, including multilayers. Preferably, the ep, mask 
layer is comprise* of an oxide. The epi mask layer is men patterned by lithography and 
etching so as to protect the recessed device active area. The structure including the 
deposited, patterned and etched epi mask layer is shown, for example, in FIG. 3E. In 
FIG 3E referencenumeral44denotesmeepimasklayer. As shown, me ep, mask layer 
is located atop exposed surfaces of the gate conductor 26 as well as the exposed spaces 
of the first semiconductor layer 14. 

,00521 The exposed second semiconductor layer 34 and the underlying second 
bnried insulator layer 32 in the elevated device region 1 6 are now seleetively etched 
stopping onasurfaceofthe firs, semiconductor layer 14. After the selective etchmg 

process, a conductive material such as polysilicon is deposited, followedbya 
combinationofchemicalmeehaniealpolishingandrecessing. In the embodnnen, 
shown, the isolation regions 30 and the spacers42in the elevated device repon 16both 
serve as etch masks. Thus, the area etched will be self-aligned with the isolation regrons 
on one side and the spacers 42 on the other side. The conductive filled area serves as the 
merged SID regions 36 in the elevated device region 16; See FIG. 3E. 

100531 In another embodiment, not shown, a separate mask is used such that the 
etched area and the conductive filled region are not self-aligned with the isolation 
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reg io„ S a n d*espaoe re .™s e mbodi m e„tof t hepresen,i„ve„t i o„p ro vides«he 
structure shown in FIG. 2. 

nitride. 

,0055, Nex,somce/dramjunctio»s22,35 are formed into the elevated device region 
22 35 areformedb y ioni m p 1 an,a a onandan n ea,in g . As shown, , herons 35 »*. 

varydependingonmeexaetmaterialsandihicknessofeachiayerpresentmihe . 
strueture. This step provides the structure shown in FIG. 1 or FIG. 2. 

Lpsmclumngmtemonnectfo— ^ 

,0057, As an alternative to the method depieted in F.GS. 3A-3E, the embodiment 

structure shown in FIG. 3D is first provided using the processing steps mentioned above. 
Next.andasshowninFIG^A.asac^ficial.ayercomposedofanoxideormmde.for 

example, is applied to the entire stt ucmre shown in FIG. 3D and then hmography and 
etching arensed to provide a patterned sacrificiai mask 50 atop the recessed devrce 
region 1 8. The sacrificia. layer is formed utilizing a conventional depositton process 

(PECVD), chemical solution deposition, physical vapor deposition and the hke. The 
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etching used in forming the patterned sacrificial mask 50 is carried out using reactive ion 
etching or wet chemical etching or another similar technique. 

[0058] Conductive material 52 is then deposited via a conventional deposition 
process atop the structure shown in FIG. 4A. The conductive material 52 is composed of 
polysilicon, epitaxial Si, metal or another like conductor. The resultant structure 
including the conductive material 52 is shown, for example, in FIG. 4B. 

[0059] Next, the conductive material 52 is recessed down to the patterned sacrificial 
mask 50 by utilizing a combination of chemical mechanical polishing (CMP) and 
etching. This step of the present invention forms the merged source/drain regions 36 
into the elevated device region 16; See FIG. 4C. 

[0060] After providing the structure shown in FIG. 4C, the patterned sacrificial mask 
50 is removed from the recessed device region 18 utilizing an etching process that 
selectively removes the sacrificial material from the structure. The resultant structure 
formed after removal of the patterned sacrificial mask 50 from the recessed device 
region 18 is shown, for example, in FIG. 4D. Next, the processing steps as mentioned 
above in connection with FIG. 3E are performed providing the final structure shown in 
FIG. 1 . Alternatively, the processing steps mentioned above in forming the non self- 
aligned merged source/drain regions can also be now performed to provide the structure 
shown in FIG. 2. 

[0061] While the present invention has been particularly shown and described with 
respect to preferred embodiments thereof, it will be understood by those skilled in the art 
that the foregoing and other changes in forms and details may be made without departing 
from the scope and spirit of the present invention. It is therefore intended that the 
present invention not be limited to the exact forms and details described and illustrated, 
but fall within the scope of the appended claims. 
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